The effects of planar hole concentration, p, on the resistivity, ρ(T), of sintered Y 1-x Ca x Ba 2 (Cu 1-y Zn y ) 3 O 7-δ samples were investigated over a wide range of Ca, Zn, and oxygen contents. Zn was used to suppress superconductivity and this enabled us to extract the characteristic pseudogap temperature, T
INTRODUCTION
One of the most remarkable phenomena in high-T c cuprates is the observation of the pseudogap in the spectra of charge and spin excitations [1] [2] [3] . The pseudogap (PG) is detected by various experimental techniques [1] [2] [3] over a certain range of planar hole concentrations, p (the number of added holes per CuO 2 plane), extending from the underdoped (UD) to the slightly overdoped (OD) regions. In the 'pseudogap state' various anomalies are observed both in the normal and superconducting (SC) states, which can be interpreted in terms of a drop in the single particle density of states [3] . A number of theoretical explanations have been proposed for the origin for the PG, which is believed to be an essential feature of the physics of the normal state (NS) as well as the SC state of the cuprates. Existing theories of the PG can be classified broadly into two categories. The first is based upon incoherent Cooper pair formation for T < T * well above the SC transition temperature, T c , [4] [5] [6] with long-range phase coherence appearing only at T ≤ T c . In this scenario T * may be the mean-field T c . T
* (p) merges with the T c (p)
phase curve in the OD region (p ≥ 0.21) where the pair formation temperature is essentially the same as the phase coherence temperature. In the second scenario, the PG is ascribed to fluctuations of some other type that coexist and generally compete with superconductivity. The most popular picture here is that of antiferromagnetic (AFM)
fluctuations, but similar effects have been attributed to charge density waves, a structural phase transition or electronic phase separation on a microscopic scale (e.g., the stripe scenario) [7] [8] [9] [10] . One key constraint, which may rule out many of the above simple models, is that the single-particle density of states has a mysterious 'states nonconserving' property in the PG state [11] . The experimental situation is often thought to be rather inconclusive regarding the origin of the PG [1, 2] .
The evolution of ρ(T) with p provides a way of establishing the T-p phase diagram of high-T c superconductors (HTS) and can give estimates of T * (p), which is identified from a characteristic downturn in ρ(T). One particular problem associated this method is that when p ≈ p opt (where T c (p) is maximum), T * is close to the temperature, T scf , at which the effect of SC fluctuation is clearly seen in ρ(T). This is not a problem for theories belonging to the first group where T [14, 15] . From the analysis of ρ(T,p) and ρ(T,p,H) data we extracted the p-dependence of the characteristic temperatures T * and T scf , and find that indeed T* falls below T co providing strong evidence for the second scenario, namely that the PG arises from an independent coexisting correlation. [22] . In the present case, Z increases from the usual 82.6 [21] for the Zn-free sample to 410 for 6%-Zn sample [22] and p opt rises from 0.16 for the Zn-free compound [21] to 0.174 for the 6%Zn-20%Ca sample [22] . The physical meaning of these changes in the fitting parameters is that as the Zn content is increased, the region of superconductivity shrinks and becomes centred on higher values of p, before finally forming a small bubble around p ~ 0.19 and disappearing completely for y ~ 0.1 [23] . From the observed evolution of p opt (y) we previously inferred that superconductivity for this system is at its strongest at p ~ 0.185 ( Fig.1 of ref. [22] ), as this remains the last point of superconductivity at a critical Zn concentration (defined as the highest possible Zn concentration for which superconductivity just survives, considering all p-values). This point has been made earlier in other studies [22, 23] and the value p ~ 0.19 is indeed a special value at which the PG vanishes quite abruptly, as seen from the analysis of specific heat data of HTS cuprates [11, 23] . 
EXPERIMENTAL DETAILS AND RESULTS

Single
The hole concentration was varied by changing both the oxygen deficiency and the Ca content. We have obtained T c from both resistivity and low field (H rms = 0.1Oe; f = 333.3Hz) ACS measurements. T c was taken at zero resistance (within the noise level of ± 10 -6 Ω) and at the point where the line drawn on the steepest part of diamagnetic ACS curve meets the T-independent base line associated with the negligibly small NS signal.
T c -values obtained from these two methods agree within 1K for most of the samples [22] .
We placed particular emphasis on the determination of p and T c as accurately as possible because of the extreme sensitivity of various ground-state SC and NS properties to p. This is especially true near the optimum doping level, where, although T c (p) is nearly flat, the SC condensation energy, superfluid density, PG energy scale etc. change quite abruptly and substantially for a small change in p [11, [23] [24] [25] .
Sintered bars of 89 to 93% of the theoretical density were used for resistivity measurements. Resistivity was measured using the four-terminal method with an ac current of 1 mA (77 Hz) using 40 µm dia. copper wire and silver paint to make the contacts. Typical contact resistances were below 2Ω. Transformers were used to minimize electrical noise. We have tried to locate the PG temperature, T Once we have located T scf , we are in a position to look at T * (p) (below T co (p)) for Zn substituted samples. There is one disadvantage of Zn substitution that can hamper the identification of T * from ρ(T) measurements, namely, Zn tends to localize low-energy quasiparticles (QP) and induces an upturn in ρ(T). This upturn starts at increasingly higher temperatures as p decreases and, to a lesser extent, as the Zn content increases, and thus can mask the downturn due to the PG at T * [13, 22] . Indeed, the upturn temperature, T min , has been found to scale with T * and is evidently associated with the pseudogap, trending to zero as p → 0.19 [32] . In this study we have taken care of this fact by confining our attention to the ρ(T,p) data for lower Zn contents in the underdoped region (p < 0.14). 80K. It should be noted that T c of this compound is 43K and T scf = 62.5K (see Fig.3 ). .7 ). This study, to our knowledge, is the first instance where T * (p) has been tracked down below T co (p) from any transport measurement, although of course this has effectively been done earlier by analysis of specific heat data by Loram et al. [3, 11] and NMR data by Tallon et al. [33] . In Fig.7 we construct a doping 'phase diagram' for Y 1-x Ca x Ba 2 (Cu 1-y Zn y ) 3 O 7-δ , including T * (p) and the PG energy scale from some other sources [23, 34] . We have taken E g (p)/k B from specific heat measurements [23] . E g is the energy scale for the PG and E g (p)/k B ~ θT 
DISCUSSION
From a careful analysis of the resistivity data we have been able to track T 
CONCLUSIONS
In summary, we have analysed our ρ(T) data to determine the T [23] . The thick dashed line shows T co (p) for pure Y123, drawn using equation (1) 
